INTRODUCTION
Equations of state (EOS) provide useful tools for correlating and estimating thermodynamic properties of polymer solutions [ 1, 2] .The EOS theory has successfully explained both lower-cntical-solution-temperature (LCST) and upper-cntical-solution-temperature (UCST) phenomena for polymer solutions, in contrast to the classical Flory-Huggins polymer-solution theory [3] that fails to describe LCST behavior at elevated temperatures.
Recently, we presented a perturbed hard-sphere-chain (PHSC) EOS applicable to mixtures containing solvents, polymers, and copolymers [4-91. We first developed a hard-spherechain (HSC) equation of state by generalizing Chiew's result for HSC mixtures through the Camahan-Starling radial distribution function for HSC mixtures at contact [5]. For real fluids, a van der Waals perturbation was added to the reference HSC EOS and the Song-Mason [ 101 method was used to scale the van der W a a l s covolume b and the attractive energy parameter a in terms of two pair-potential parameters. In this method, two universal functions of a reduced temperature were introduced to represent the effect of temperature on b and Q [6]; they were determined from the vapor pressures and the densities of saturated liquid and vapor of argon and methane and extended to molecular fluids and polymers by using a temperature scaling factors.
For mixtures containing polymers and copolymers, no mixing rules are required for the hard-sphere-chain contribution. Only the perturbation needs the van der Waals one-fluid (vdW1) mixing theory [4,7-91. The PHSC EOS can reproduce all types of fluid phase equilibria that have been found experimentally in binary and ternary mixtures containing polymers and copolymers [7-91. It can also quantitatively describe UCST and E S T behavior and miscibility maps in mixtures containing polymers and copolymers [4,7,9].
In this paper, we present a simplified version of the PHSC EOS. The scaling factor s is removed and the two universal functions are redetermined from thermodynamic properties of argon and methane over a wider range of fluid temperatures and densities. Removal of s allows use of simpler combining rules for mixtures. For pure fluids and polyrners, the new PHSC EOS is still characterized by three molecular parameters: segment number per molecule r, segment size 0, and non-bonded segment-segment interaction energy E; they can be obtained from 
NEW PERTURBED HARD-SPHERE-CHAIN EQUATION OF STATE
Derivation of the PHSC EOS follows a first-order statistical-mechanical perturbation theory based on a fluid of hard-sphere chains as the reference system; details are given in our previous publications [6, 7] . Here we only reproduce the main equations necessary for describing the model.
Pure fluids
The PHSC EOS for pure fluids is [6] where p is the pressure, p = N N is the number density (N is the number of molecules and V the volume), kE is the Boltzmann constant, T i s the absolute temperature, g ( S ) is the radial distribution function of hard spheres at contact, and d is the effective hard-sphere diameter; g ( 8 where E and Q are pair-potential parameters; E is the depth of the minimum in the pair potential and CJ is the separation distance between segment centers at this minimum. In Eq. (3), F,(kET'~) and Fb(kBT/E) are two universal functions of the reduced temperature, kBT/&. Originally, these two functions were determined from fitting the vapor pressures and saturated liquid and vapor densities for argon and methane by setting r = 1.To apply original universal functions to molecular fluids ( e l ) , parameters was introduced to rescale Fa and Fb with respect to temperature such that their values remained in a consistent range for both small and large molecules; s is a function of molecular chain length only for pure fluids. However, the evaluation of s in the mixture became uncertain since the definition of molecular chain length for cross terms was not clear and the inclusion of s then led to arbitrary combining rules for mixtures.
In the present version of the PHSC EOS, scaling factors is removed and the two universal functions F, and
Fb are redetermined from thermodynamic properties of fluid argon and methane over large ranges of temperature and density; they are accurately represented by the following empirical formulae: between OST, and 0.9Tc are used, rather than temperatures between the triple point and 0.9Tc.
Polymers
Since r is used as a measure of molecular size, for a polymer it is proportional to molecular weight M .
Although both r and M are large for a polymer, the ratio r/M remains constant as M rises. Thus, for pure polymers r/M (instead r) becomes a characteristic parameter in addition to E and 0. These three parameters for polymers can be determined from experimental pVT data. For sufficiently high-molecular-weight polymers, pVT data are usually insensitive to the molecular weight. This observation can be clearly seen by rewriting Eq.
(1) as:
where pprp is the segment density of the polymer, which is the compatible quantity to the measured mass density of the polymer. In Eq. (6), r appears explicitly only in the term (1-lh), which becomes essentially unity for large r. Therefore, we can obtain a simpler EOS for polymers by taking the limit of r +=-in Eq. (6):
Non-linear least-squares regression is used to find a set of three molecular parameters r , , E and a f o r each polymer by fitting Eq. (7) to pVT data. Table 2 gives parameters regressed for a number of polymers.
Mixtures containing polymers
Extension of Eq. ( 1 ) to mixtures is straightforward [7] : where x, = N f l is the number fraction of molecules, r, is the number of segments (tangent hard spheres) comprising component i = 1,2, ..., m, and g,{dI,+) is the i j pair radial distribution function of hard-sphere mixtures at contact. For each unlike pair of components (i #j), additional parameters, b, and aI,, are needed for the mixture; b, is the second cross vinal coefficient of hard-sphere mixtures and a,, is the parameter reflecting attractive forces between two unlike non-bonded segments. A combining rule is not necessary for calculating b, because hard-sphere diameters are additive:
However, this restriction can be relaxed when applying Eq. where ;lj and G~ are adjustable binary parameters. Finally, g,{d; ) is given by 3 {ij
EXTENSION TO COPOLYMER SYSTEMS
An important advantage of the PHSC theory is that segments (spheres) in a chain molecule need not all have the same diameter. Therefore, the PHSC EOS can be used to represent copolymers and their mixtures where different segments have different diameters.
Pure copolymers
Considering a pure copolymer system where each molecule consists of r segments but each segment has a different size, the PHSC EOS is [9] 
where ;rs;~ is an adjustable parameter.
Mixtures containing copolymers
where indices i and j denote components in the mixture; they should not be confused with indices a and /3 labeling segments in a molecule. The physical significances of b~,* gg,+ and ae,@ are the same as those for pure fluids in Eq. (14) .We again have two choices for calculating by,@, one follows from hard-sphere additivity:
Another method for be,+ and ad,@ can be obtained by extending Eq. (IO) to copolymer mixtures: 
COMPARISON WITH EXPERIMENT
To correlate experimental LLE, it is necessary to use Eqs. (10) and (11) to calculate b, (i4) and a, (i*) for mixtures containing polymers and to use Eqs. (21) and (22) to calculate (i*] and au,aO (iici) for mixtures containing copolymers. To iIlustrate, Figure 1 compares theoretical coexistence curves with experimental data [ 1 11 for poly(cx-methyl styrene)(PMS)/polystyrene(PS) mixtures which exhibit UCST behavior. The EOS parameters for poly(o-methyl styrene) are those for poly(cr-methyl styrene) (see Table 2 ). Binary parameters A12 (0.0000924) andqr,, (-0.0000585) are determined such that theory agrees with experiment for both PMS62/PS58 and PMS56ff S49 (where PMS62, e.g., denotes PMS at the weight-average molecular weight 62000). Agreement is good but sensitive to the choice of binary parameters. The semibroken line is the glass-transition temperature T8 of the mixture, calculated from this equation: 1/T'(K)=wpd373+( 1-wps)/444 where w,, is the weight fraction of polystyrene. The PHSC theory predicts that the coexistence curve of PMS44PS37 lies below the glass-transition temperature of the mixture, consistent with experimental observation [ 1 I]. (-0.013) and (0.01626) are determined by fitting to experimental data. In this mixture, the only difference between components 1 and 2 is in copolymer composition; the mixture becomes more miscible as the difference in copolymer composition declines. Therefore, the miscibility map shown in Figure 3 has a miscible region around the diagonal line. The miscible area decreases with temperature because the miscible pair of copolymers eventually exhibits phase separation at elevated temperature due to LCST behavior. Although it is difficult to identify the miscibilityimmiscibility boundary from experimental data, theory and experiment appears to be in fair agreement 
CONCLUSION
A simpZr,fied PHSC EOS is presented and applied to LLE of binary mixtures containing solvents, polymers, and copolymers. The PHSC EOS is able to represent UCST behavior as well as LCST behavior in polymer blends including copolymer mixtures. Theoretical and experimental coexistence curves and miscibility maps show good agreement for mixtures containing poly(a-methyl styrene), poly(styrene), poly(viny1 methyl ether), and poly(styrene-co-methyl methacrylate). To correct the overestimated EOS effect in solvent/polymer systems, an empirical correction is introduced into the perturbation term of the PHSC EOS to reduce the polymer's chain length. This correction is probably necessary to compensate for failure of the mean-field assumption for dilute and semi-dilute polymer solutions. The modified PHSC EOS can quantitatively represent simultaneous occurrence of UCST and LCST in selected solvent/polymer systems, including molecular-weight dependence of both critical solution temperatures. 
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